Microtubule motor proteins, most notably members of the kinesin gene family (1) , have been implicated in various intracellular processes, including vesicle transport, mitotic movements, and the organization of microtubule-based structures (2) (3) (4) (5) (6) . How specific motor proteins are targeted and/or regulated to perform specific biological functions remains, however, largely unknown. Because members of the kinesin family share common sequences within a conserved motor domain, or "head," it is presumed that functional specificity is determined primarily by nonconserved, nonmotor "tail" domains (6) . Tail domains could be expected to regulate motor activity or localization in any number of ways, such as interacting with head domains to effect conformational changes in protein structure (7, 8) , or binding to additional nonmotor proteins with specific intracellular locations (9, 10) ; other mechanisms of regulation are equally possible. Clearly, in order to understand motor protein function in vivo, a considerable importance is attached to identifying modes of motor protein regulation and targeting.
We previously demonstrated that the kinesin-like protein Eg5 of Xenopus laevis (11) is a plus-end-directed microtubule motor protein in vitro and is required for efficient spindle formation in an in vitro assembly reaction (12, 13) . Relatives of Eg5 have been identified in a number of different organisms and, together with Eg5, these genes-bimC in Aspergillus nidulans (14, 15) , cut7 in Schizosaccharomyces pombe (16) , KLP61F in Drosophila melanogaster (17) , and CIN8 and KIP1 in Saccharomyces cerevesiae (18, 19 )-appear to define a subfamily of kinesin-like proteins (the "bimC subfamily"). All are involved in the assembly and/or function of the spindle and, where determined, spindle-associated in vivo (13, 18, 20 (17) have suggested that this region, which we shall refer to as the "bimC box," may act as a functional specificity determinant. The most highly conserved portion of the bimC box includes the sequence TGX-TPXK/RR (in Eg5 it is TGTTPQRR), and it has been noted (17) that this sequence could be phosphorylated by a serine (threonine) protein kinase such as the proline-directed kinase (21) or an ERK-family kinase (22, 23) . We have further noticed that this same sequence also includes the consensus phosphorylation site for the cell-cycle kinase p34cdc2 (consensus S/TPXK/R) (24) . As AA---------PQR- (26) , amplifying a region from anAcc I site at residue 922 to a Xho I site 3' to the Eg5K2 coding region. Amplified fragments were cloned into a Xho I/partial Acc I digest of pEM103. The nucleotide sequence for residues 936-937 in pEM103 is ACA ACG. In pEM109 (T937A) it is ACA GCG; in pEM110 (T937S) it is ACG TCG; and in pEM111 (T937E) it is ACA GAG. All mutants were confirmed by sequencing within the amplified region, at which time we discovered that the sequence of our original Eg5K2 cDNA was different from the published sequence (25) 
RESULTS
We previously demonstrated that Eg5 is present in spindles assembled in vitro in Xenopus egg extracts and is particularly enriched near spindle poles (13) . To investigate possible cell-cycle regulation of Eg5 localization we examined its distribution in the Xenopus cell lines A6, XL177, and XTC (30) by indirect immunofluorescence. The antibody used (see Materials and Methods) was highly specific for Eg5 on Western blots of whole-cell lysates made in Laemmli buffer (ref. 13 and additional data not shown), and the staining patterns observed were identical in all three cell types; staining in A6 cells is described further below.
In interphase cells we observed a weak, diffuse cytoplasmic staining that was only slightly detectable above background ( Fig. 2A) . However, by early prophase (i.e., prior to nuclear envelope breakdown and reorganization of the interphase microtubule array), Eg5 staining appeared very prominently along microtubules close to the centrosome and to a lesser extent on more peripheral microtubules ( Fig. 2B; remained unstained (Fig. 2C) . In contrast to our previous observations of spindles assembled in vitro (13), we did not find Eg5 to be highly enriched at spindle poles at metaphase, although a more polar distribution was readily apparent at both earlier and later stages of mitosis (see Fig. 3 ). A generally similar pattern of Eg5 staining has also been described in A6 cells by Houliston et Fig. 1 ). Both N-and C-terminal fragments failed to localize to the spindle in mitosis, as did the double N-and C-terminal truncation mycEg5K2/320-675 (Fig. 1) , although all three proteins were clearly expressed at high levels. Representative staining (of mycEg5K2/15-675) is shown in Fig. 4 A and We were also interested in the function of the bimC box in regulating Eg5 localization and, in particular, whether a special role might be played by T937 (the third threonine residue in the sequence TGTTPQRR), which is most likely to be phosphorylated by p34cdc2 or an ERK kinase. When T937 was mutated to alanine by site-directed mutagenesis [mycEg5K2/15-1067(T937A); Fig. 1 ], spindle localization was completely abolished, and the expressed protein remained in the cytoplasm (Fig. 4 C and D) . As with the truncation mutants, there were no obvious deleterious consequences of mutant expression. Cells expressing the T937A mutation were observed in all stages of mitosis and displayed normal interphase and mitotic microtubule arrays when doubly stained with anti-myc and anti-tubulin antibodies (Fig. 4 E and F) . We then mutated T937 to serine, which might be expected to preserve spindle localization if phosphorylation by a serine(threonine) kinase were involved in localization. The mutant protein mycEg5K2/15-1067(T937S) (Fig. 1) [32] [33] [34] . The mutant protein mycEg5K2/15-1067(T937E) (Fig. 1) 
